to determine the number of neutrino species. The results rule out at 95% confidence level (C.L.) th e p ossibility of a fourth generation neutrino. These measurements, however, assume the neutrino to be massless and stable.
In this Letter, we present a search for long-lived, massive particles in 2 Through this mixing, v4 would decay by the weak charged current (7/q + !J + W'; e = e, p, r). The lifetime of the vq is calculable given the mixing matrix elements Ued and the mass of the neutrino 77~4. Assuming u4 mixes with only one ._ _ other generation of !, it can be expressed in terms of the muon lifetime as
where f is a phase-space suppression factor5 for massive final state particles which differs appreciably from unity only when one or more of the final state particles is a 7 lepton or charm quark, and 77~4 is relatively small. The predicted branching fraction for v4 + !?-e+v is constant (-11% for Br(v4 + l-X+) = 100%) for most' of our mass search range from 10 GeV/c2 to 45 GeV/c2.
Although the unitarity of the mixing matrix and e -p, p -r weak universality restrict the allowed mixings, there is a large region where the mixing is of a value .such that the decay length of the v4 is experimentally observable.
The expected cross section for ~4~4 pair production at the 2 peak is very large: To search for these particles, we utilize the following characteristics of the event topology. In contrast to the hadronic background from the fragmentation of u, d, s, c, and b (udscb) qua.rks, uqfi4 events with long-lived u4 would have deta.ched vertices, and consequently many tracks with large impact parameter with respect, to the primary vertex. In addition, since a majority of ~4~4 events are expect,ed to contain one or two hadronic jets, the average charged particle multip1icit.y and total visible energy would then be significantly larger than that of the dominant background of beam-gas and beam-beampipe interaction events.
A detailed description of the Mark II detector can be found elsewhere. The Mark II data acquisition system is triggered either by two or more charged tracks within 1 cos 81 < 0.76, or by an electromagnetic shower with localized energy deposition greater than 3.3 GeV in the barrel or greater than 2.2 GeV in t,he endcap electromagnetic calorimeters.
We apply the following procedure to select candidate events for ~4~4 decays.
First, in order to ensure good track reconstruction, we require charged tracks to be within the angular region 1 cos fi 1 < 0.82, where 0 is the angle with respect to the beam axis, and to have transverse momentum with respect to the beam axis of at' least 150 MeV/c. W e a so require electromagnetic showers to have shower energy 1 greater than 500 MeV and to be within ) cos 13 I < 0.68 for the barrel calorimeter and within 0.74 < 1 cos 0 1 < 0.95 for the endcap calorimeters.
To extract the signal events, it is necessary to eliminate the dominant background of beam-gas and beam-beampipe interaction events from the data sample without losing efficiency for the signal events. Since the beam-gas and beambeampipe interaction events usually have low multiplicity, low energy, and are forward-scattered, we apply the following selection criteria to eliminate them. We require an event to have at least eight charged tracks satisfying the track selection criteria and to have total energy greater than 35% of E-,.
In addition, the minimum of the forward and backward charged energy must be greater than 7% of lifetime would, however, yield x. Imp greater than 0.5, as can also be seen in Fig. 1 .
We therefore demand Ximp of an event to be greater than 0.6 for it to be tagged as a long-lived ~4~4 signal event.
No events in the final data set are tagged as ~4~4 signal events.
The
Ximp distribution of the final data set agrees reasonably with Monte Carlo udscb simulations (Lund 6.3 shower7 and Webber 4.18) which predict less than 0.2 events to pass all cuts. The remaining discrepancy between the data and Monte Carlo is mainly due to nuclear interactions of particles which are not well simulated in t,he
Monte Carlo.'
---In-order to interpret the null search result for ~4~4 events as an excluded -region in the 7724 -lUe412 plane, we apply the following procedure: ~4~4 events are generated with various lifetimes and masses with a Monte Carlo program lo that f 11 u y simulates the response of the Mark II detector. The number of ~4~4 events expected to be produced NV4 is normalized to the total number of hadronic events
Nh that fulfill the hadronic event selection criteria described in a previous Letter:l'
where rq is the partial decay width of the 2 to udscb quarks, E* = 0.953 is the efficiency for udscb quarks to pass the hadronic event criteria, rV4 is the partial width of the 2 to ~4~4 , and ~"4 is the efficiency for the ~4~4 events to pass the hadronic event criteria. The normalizing hadronic data sample consists of Nh = 450 events.
Efficiencies for tagging produced uqiiq events are calculated in a two-stage procedure. Since a long-lived u4 might not decay within the detector fiducial volume defined for triggering, charged and neutral energy trigger emulator programs are applied to simulated u4V4 events to determine trigger efficiencies. Secondly, event selection cuts are applied only to those events that would trigger our data acquisition system and final detection -efficiencies ~"4 are determined. Detection efficiencies are determined for u4Vq events for a grid of values in the m4 -1Ue412 plane. Two-dimensional polynomial interpolation is used to determine efficiencies between grid points. Finally, the expected number of u4V4 events after all cuts is determined, and reduced by the total error described above to obtain a conservative 95% C.L. limit contour in the nzq -IUp4j2 plane. The results are shown in Fig. 2 . The upper and lower boundary of the contour at a mass of 35
GeV/c2 correspond to mean decay lengths of 0.6 cm and 83 cm, respectively. Also shown in Fig. 2 are the region excluded by an isolated track search in the same data samplef2 and the region excluded by the Mark II experiment at PEP.13
In conclusion, we observe no events that are consistent with the search hypothesis of a sequential, long-lived, massive Dirac neutrino. We significantly extend the excluded region at 95% C.L. in the rn4 -jUe412 plane determined by lepton universality 14 and other experiments: most recently by the AMY l5 collaboration, t,he CELLO" collaboration, and monojet searches at PEP17. The results are summarized in Fig. 3 for 4! = e. Th e excluded regions are very similar for .!? = p. It is interesting to note that whereas most other searches are restricted to limiting IUe412 + IUp412, th is search also limits IUr41 2. Finally, it should be noted that the described search procedure is also valid for any general long-lived particles decaying into many particles. 
